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ELECTROMAGNETIC COUPLING DEVICE 
FOR ENGINE ACCESSORIES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to systems and methods for 

coupling accessories to an engine/motor. 
2. Background Art 
Devices attached to the front-end accessory drive (FEAD) 

of an engine/motor in a vehicle consume poWer that could 
otherWise be directed to motoring the vehicle. Typical acces 
sories may include a poWer steering pump, Water pump, alter 
nator, air conditioning compressor, air compressor, poWer 
take off (PTO) drive, air for an induction bloWer, or a 
supercharger, for example. Various engine/motor accessories 
may be engaged/disengaged based on a request from the 
vehicle operator and/or the engine/vehicle controller in 
response to current ambient and vehicle operating conditions. 
HoWever, each device is generally controlled independently 
of the state of other devices. 

In automotive applications, electromagnetic friction 
clutches are often used to selectively engage various belt 
driven FEAD devices. During engagement these clutches use 
an electrically controlled magnetic ?eld to bring opposing 
frictional disks or plates into contact, Which creates a rapid 
transfer of angular velocity to the driven clutch plate(s) that 
may result in undesirable noise, vibration, and harshness. In 
addition, the rapid transfer of torque to the engaged device 
often creates a rapid and noticeable diversion of torque from 
poWering the engine and transmission. In addition, Wearing of 
the frictional surfaces during engagement Will eventually 
reduce the torque transfer capacity of the device. 
More recently, magnetic poWder or magnetorheological 

(MR) ?uid clutches have been used in various automotive 
applications. Magnetic poWder or MR ?uid clutches have 
various advantages over electromagnetic friction clutches 
including the ability to operate in a slip or partial engagement 
condition, particularly during engagement and disengage 
ment. This reduces the instantaneous poWer drop (stumble) or 
poWer increase (surge) in the engine, Which also reduces the 
level of noise and vibration generated during engagement. 
While, magnetic poWder or MR ?uid clutches have been used 
to selectively couple an engine accessory to the FEAD as 
disclosed in US. Pat. No. 6,290,043 (air conditioning com 
pressor); US. Pat. No. 6,619,413 (supercharger); and US. 
Pat. No. 6,173,823 (cooling fan), various engine/vehicle 
ambient and operating conditions exist Where it may be 
advantageous to coordinate control of multiple or all FEAD 
devices, such as during vehicle acceleration events, transmis 
sion upshift/doWnshift events, cruise control, high engine 
speed events, cold-start events, etc. 

SUMMARY OF THE INVENTION 

A system and method for controlling a plurality of acces 
sories associated With a multiple cylinder internal combus 
tion engine having the accessories coupled to an engine 
crankshaft by an electromagnetic coupling device With a 
?oWable magnetic material disposed betWeen a driving mem 
ber and a driven member include selectively supplying poWer 
to the electromagnetic coupling device in response to at least 
one operating condition to simultaneously engage or disen 
gage the plurality of engine accessories. 

Embodiments of the present invention include systems and 
methods having a magnetic particle clutch or magnetorheo 
logical ?uid clutch With a driving or input member connected 
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2 
to an engine crankshaft and a driven or output member con 
nected to a plurality of engine accessories that may include an 
air conditioning compressor, air compressor, PTO drive, air 
for an induction bloWer, Water pump, poWer steering pump, 
alternator, and/ or supercharger, for example. The plurality of 
engine accessories is simultaneously engaged or disengaged 
by actuation of the magnetic particle/powder clutch in 
response to one or more engine and/or ambient operating 
conditions. One embodiment includes an electromagnetic 
coupling device having at least one electrically conductive 
bearing assembly With conductive lubricating grease to pro 
vide an electrical current path to an embedded electromagnet 
coil Within a rotating member of the device. 
The present invention provides a number of advantages. 

For example, the present invention includes an electromag 
netic coupling device having a controllable engagement/dis 
engagement to provide a soft-start/stop capability for an 
accessory drive, such as a front end accessory drive (FEAD) 
associated With an internal combustion engine. The ability to 
operate in a transient slip condition betWeen engagement and 
disengagement reduces instantaneous poWer drop (stumble) 
or poWer increase (surge) in the engine, as Well as reducing 
noise and vibration during engagement. The soft-start/ stop 
capability for simultaneous coupling/ decoupling of multiple 
engine accessories reduces Wear on the clutch and various 
engine components, such as the drive belt, for example. The 
ability to simultaneously control engagement/ disengagement 
of the entire FEAD according to the present invention facili 
tates control strategies that can respond to current ambient 
and/or operating conditions, modes, or events. Appropriate 
control of one or more accessory drive clutches each coupled 
to tWo or more accessories according to the present invention 
can temporarily reduce or eliminate the poWer required to 
operate all FEAD-driven (and/or other auxiliary drive) 
devices along With their associated rotational inertia to 
enhance engine/vehicle response and performance. As such, a 
smaller engine may be used to obtain similar vehicle launch 
performance resulting in improved fuel economy. In addition 
selectively disengaging engine accessories during times of 
ine?icient operation, such as When they are fractionally 
loaded, and subsequently engaging the accessories When they 
can operate at higher load and higher e?iciency may also 
contribute to improved fuel economy. 
The above advantages and other advantages and features of 

the present invention Will be readily apparent from the fol 
loWing detailed description of the preferred embodiments 
When taken in connection With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a representative automotive application 
of one embodiment for a system and method for controlling 
engine accessories according to the present invention; 

FIG. 2 is a partial cross-section illustrating a ?xed coil 
embodiment of an electromagnetic clutch for a system or 
method for controlling the FEAD according to the present 
invention; 

FIG. 3 is a cross section illustrating a rotating coil embodi 
ment of an electromagnetic clutch With a conductive bearing 
assembly for a system or method for controlling engine 
accessories according to the present invention; 

FIG. 4 is a ?oW chart illustrating operation of a system or 
method for controlling engine accessories according to vari 
ous embodiments of the present invention; and 

FIG. 5 is a graph illustrating operation of a system or 
method for controlling engine accessories according to one 
embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENT(S) 

As those of ordinary skill in the art will understand, various 
features of the present invention as illustrated and described 
with reference to any one of the Figures may be combined 
with features illustrated in one or more other Figures to pro 
duce embodiments of the present invention that are not 
explicitly illustrated or described. The combinations of fea 
tures illustrated provide representative embodiments for typi 
cal applications. However, various combinations and modi 
?cations of the features consistent with the teachings of the 
present invention may be desired for particular applications 
or implementations. 

FIG. 1 illustrates a representative automotive application 
of one embodiment for a system and method for controlling 
engine accessories according to the present invention. As 
illustrated in FIG. 1, system 10 includes a front-end accessory 
drive (FEAD) 12 connected to a multiple cylinder internal 
combustion engine 14, only a portion of which is shown. 
While illustrated with respect to an automotive application 
having an internal combustion engine 14 to power FEAD 12, 
the present invention may also be used in a variety of other 
applications that may use an internal combustion engine or 
electric motor to power various engine/motor accessories. 
Likewise, while illustrated with respect to a FEAD having 
only one main clutch to engage/disengage multiple engine 
accessories, the present invention may also be used in appli 
cations having two or more FEADs each using a common belt 
or other device to drive at least two engine accessories. Simi 
larly, the present invention may also be used for rear-end 
accessory drives and other accessory drives powering mul 
tiple accessories from a common clutch and is not limited to 
FEAD applications. 

In the embodiment of FIG. 1, FEAD 12 includes an elec 
trically controllable magnetic coupling device 20 imple 
mented by a magnetic powder electromagnetic clutch. Other 
controllable coupling devices having the ability to operate in 
a slip condition may also be used, such as a magnetorheologi 
cal ?uid (MR) clutch, or similar device, to provide a soft-start/ 
stop capability which reduces noise, vibration and harshness 
in addition to reducing wear of various engine components 
according to the present invention. 

Electromagnetic coupling device 20 includes a driving 
member connected to the crankshaft (FIG. 2) of engine 14 and 
driven member coupled to the driving member by a control 
lable magnetic ?eld so that the driven member rotates with the 
driving member when desired. Coupling device 20 may be 
implemented by a normally engaged device or a normally 
disengaged device. A normally engaged device includes a 
magnetic ?eld created by permanent magnets to couple the 
driving and driven members when no power is supplied to the 
device. An electromagnet is then used to create an opposing 
magnetic ?eld to decouple or disengage the clutch when 
power is provided to the device. A normally disengaged 
device as illustrated in FIGS. 2 and 3 does not have permanent 
magnets, but uses an electromagnet to couple the driving and 
driven members when power is supplied to the device. 
As illustrated in FIG. 1, electromagnetic coupling device 

20 is coupled to a plurality of engine accessories, generally 
represented by reference numeral 22. Engine accessories may 
include an air conditioning compressor 24, alternator 26, 
power steering pump 28, and water pump 30, for example. Of 
course, the number, type, and location of various engine/ 
motor accessories will vary depending upon the particular 
application and implementation. In the embodiment illus 
trated, a common drive belt 40 is used to power or drive all 
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4 
engine accessories 22 when engine 14 is operating and clutch 
20 is engaged. However, as described above, multiple drive 
belts or similar devices may be connected to a single clutch 
20. Similarly, two or more clutches 20 may be provided with 
each connected to at least two engine accessories according to 
the present invention. In the embodiment illustrated, drive 
belt 40 passes around pulleys associated with each engine 
accessory, a belt tensioner 42, and one or more idler pulleys 
50. Belt 40 may include one or more grooves, teeth, or similar 
devices that cooperate with each pulley or other drive element 
to reduce slipping. However, those of ordinary skill in the art 
will recogniZe that the present invention is independent of the 
particular type of device used to drive or connect engine 
accessories 22 to coupling device 20. Depending upon the 
particular application and implementation, one or more 
engine accessories 22 may also include an individually con 
trollable clutch or similar device to selectively power that 
accessory. 

System 10 may include a wiring harness 60 or similar 
device to provide an electrical connection for selectively sup 
plying power to one or more devices of FEAD 12. In the 
embodiment of FIG. 1, wiring harness 60 directly or indi 
rectly connects engine controller 80 to various engine sensors 
and actuators including coupling device 20 and air condition 
ing compressor 24, for example. As described in greater detail 
herein, controller 80 selectively supplies power to coupling 
device 20 via harness 60 in response to at least one operating 
condition to simultaneously engage a plurality of engine 
accessories 22. 

Controller 80 has a microprocessor 84, also referred to as a 
central processing unit (CPU), in communication with 
memory management unit (MMU) 86. MMU 86 controls the 
movement of data among the various computer readable stor 
age media and communicates data to and from CPU 84. The 
computer readable storage media may include volatile and 
nonvolatile storage in read-only memory (ROM) 88, random 
access memory (RAM) 90, and keep-alive memory (KAM) 
92, for example. KAM 92 may be used to store various 
operating variables while CPU 84 is powered down. The 
computer-readable storage media may be implemented using 
any of a number of known memory devices such as PROMs 
(programmable read-only memory), EPROMs (electrically 
PROM), EEPROMs (electrically erasable PROM), ?ash 
memory, or any other electric, magnetic, optical, or combi 
nation memory devices capable of storing data, some of 
which represent executable instructions, used by CPU 84 in 
controlling the engine or vehicle into which the engine is 
mounted. The computer-readable storage media may also 
include ?oppy disks, CD-ROMs, hard disks, and the like. 
CPU 84 communicates with various sensors and actuators 

directly or indirectly via an input/output (I/O) interface 94. 
Interface 94 may be implemented as a single integrated inter 
face that provides various raw data or signal conditioning, 
processing, and/or conversion, short-circuit protection, and 
the like. Alternatively, one or more dedicated hardware or 
?rmware chips may be used to condition and process particu 
lar signals before being supplied to CPU 84. Examples of 
items that may be actuated under control of CPU 84, through 
I/ O interface 94, are fuel injection timing, fuel injection rate, 
fuel injection duration, throttle valve position, spark plug 
ignition timing (for spark-ignition engines), and others. Sen 
sors communicating input through I/O interface 94 may be 
used to indicate engine (and/or vehicle) speed/acceleration 
100, status or gear of an associated automatic or manual 

transmission 110, temperature (engine coolant, exhaust, 
transmission oil, and/or ambient, etc.) 112, pressure (oil, 
turbo boost, etc.) 114, and current operating mode 116 (cold 
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start, Warm-up, cruise, shut doWn, etc.), for example. Various 
other sensors 118 may also be provided and used to control 
engagement and disengagement of various engine accesso 
ries. For example, other sensors 118 may include a steering or 
Wheel angle sensor to determine Whether to engage the FEAD 
to operate the poWer steering pump. Some controller archi 
tectures do not contain an MMU 86. If no MMU 86 is 
employed, CPU 84 manages data and connects directly to 
ROM 88, RAM 90, and KAM 92. Of course, the present 
invention could utiliZe more than one CPU 84 to provide 
engine control and controller 80 may contain multiple ROM 
88, RAM 90, and KAM 92 coupled to MMU 86 or CPU 84 
depending upon the particular application. 

In one embodiment, controller 80 executes instructions 
stored in one or more computer readable media to selectively 
supply poWer to electromagnetic coupling device 20 in 
response to current engine, vehicle, and/or ambient operating 
conditions to simultaneously engage or disengage engine 
accessories 22. Depending upon the particular application, 
several situations or operating conditions may exist Where it 
is desirable to simultaneously disengage the plurality of 
engine accessories 22 so that poWer generated by engine 14 is 
not used by accessories 22 and may be used to poWer the 
vehicle or other device as illustrated and explained in greater 
detail With reference to FIG. 4. 

FIG. 2 is a partial cross-section illustrating a ?xed coil 
embodiment of a magnetic particle or MR ?uid electromag 
netic clutch for a system or method for controlling a FEAD 
according to the present invention. In this embodiment, the 
driving member of clutch 20 is implemented by driving mem 
ber 120, Which is secured to crankshaft 122 by bolt 124, 
Washer 128, and harmonic damper 126. A keyWay 130 is 
provided to rotationally position damper 126 and secure 
damper 126 for rotation With crankshaft 122 and inner race 
132 of bearing 134. Depending on the particular application 
and implementation, damper 126 may be integrated into driv 
ing member 120 or another component that rotates With 
crankshaft 122 rather than being implemented by a separate 
component as illustrated in FIG. 2. 
As also shoWn in FIG. 2, coupling device 20 includes a 

driven member 138 that includes a crank pulley 140 and 
pulley side cover 142 With an annular separator 144 disposed 
therebetWeen. Crank pulley 140 may include grooves 146 
that cooperate With corresponding grooves in the drive belt to 
increase frictional surface area and reduce slipping. Driven 
member 138 and driving member 120 cooperate With seals 
148 and 150 to create an annular space 152 containing a 
?oWable magnetic material, such as a magnetic particle or 
poWder, or a magnetorheological ?uid. The ?oWable mag 
netic material in annular space 152 couples driven member 
138 to driving member 120 When coupling device 20 is actu 
ated as described in greater detail herein. Coil mounting 
bracket 160 secures ?xed (non-rotating) coil 162 to engine 
front cover 164 via fasteners 166. Coil 162 is electrically 
connected to controller 80 (FIG. 1), Which selectively sup 
plies poWer to coil 162 during actuation of coupling device 
20. 

In operation, When coupling device 20 is deactivated or 
disengaged With the engine running, crankshaft 122 rotates 
driving member 120, inner race 132 of bearing 134, and 
damper 126. Driven member 138, Which is coupled to a 
plurality of engine accessories via crank pulley 140 and drive 
belt 40 (FIG. 1) remains stationary along With ?xed coil 162, 
Which is not energized and therefore does not create suf?cient 
magnetic ?ux to couple rotating driving member 120 to 
driven member 138. During actuation of coupling device 20, 
controller 80 (FIG. 1) generates a signal in response to at least 
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6 
one operating condition to selectively supply poWer to cou 
pling device 20 by controlling the voltage or current provided 
to coil 162. When energiZed, coil 162 creates magnetic ?ux 
that extends through the ?oWable magnetic material in annu 
lar gap 152 polarizing the material and coupling driven mem 
ber 138 to driving member 120 so that driven member 138 
begins to rotate With driving member 120 and begins driving 
or poWering the engine accessories coupled via the common 
drive belt. To provide a controlled engagement, controller 80 
(FIG. 1) may generate a signal to modulate the poWer (voltage 
or current) supplied to coil 162. For example, the voltage or 
current could be ramped or generally linearly changed from a 
?rst value to a second value over a predetermined time period. 
Alternatively, voltage or current could be pulse Width modu 
lated, modulated With a particular constant duty cycle, 
stepped, etc. to control the slip or rate of engagement or 
coupling betWeen driving member 120 and driven member 
138. 

FIG. 3 is a cross-section illustrating operation and con 
struction of a coupling device having a rotating coil and at 
least one conductive bearing assembly for use in a system or 
method for controlling engine accessories according to one 
embodiment of the present invention. The rotating coil 
embodiment of FIG. 3 reduces part count and variable cost by 
using conductive lubricating grease in at least one conductive 
bearing assembly to provide a direct electrical current path to 
a rotating electromagnet coil. A direct connection through the 
bearing and grease eliminates brushes and/or slip rings and 
may therefore substantially improve reliability and durability 
relative to conventional rotating coil implementations. Posi 
tioning the coil Within one of the rotating members instead of 
having a ?xed coil as illustrated in FIG. 2 eliminates air gaps 
in the magnetic ?ux path to improve magnetic and corre 
sponding electric ef?ciency so that a smaller, lighter coil With 
loWer poWer requirements and less generated heat may be 
used. Elimination of air gaps also reduces manufacturing 
costs by eliminating tight-tolerance machining operations 
While improving heat conduction and clutch cooling such that 
higher slip tolerances may be accommodated. 
As illustrated in FIG. 3, coupling device 200 includes a 

driving member 204 selectively coupleable to a driven mem 
ber 202. Driving or rotating member 204 includes an embed 
ded coil 210 disposed Within a pocket or groove of rotating 
member 202 such that substantially the entire outer surface of 
coil 210 directly or indirectly contacts rotating member 202 
to eliminate any air gaps in the magnetic ?ux path Within 
rotating member 202. As illustrated in FIG. 2, indirect contact 
may be provided by a material 212 surrounding the coil Wire 
214 and having desired magnetic properties. Embedded coil 
210 is electrically connected by Wire lead(s) 220 to at least 
one electrically conductive bearing assembly. In the repre 
sentative embodiment illustrated in FIG. 2, tWo conductive 
bearing assemblies 222, 224 are used to provide an electric 
current supply and return, respectively. HoWever, some appli 
cations may only use a single conductive bearing assembly 
With a return current path provided by a conductive mount or 
mounting assembly. 

Each conductive bearing assembly 222, 224 includes a 
conductive outer race 230 electrically insulated/ isolated from 
rotating member 202 by one or more insulators 226, Which 
also isolate conductive bearing assemblies 222, 224 from a 
stationary mounting shaft or assembly (not shoWn) that sup 
ports inner race 234. Conductive bearing assemblies 224, 226 
each include a plurality of rolling or roller elements 236 
surrounded by a conductive lubricant 238 and contained by 
corresponding seals 240. Inner race 234 of at least one bear 
ing assembly 222, 224 is connected to a lead Wire 242 that 
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terminates at connector 244 to connect an external current 

source (not shown) to supply electrical current during actua 
tion of device 200. A second lead Wire 246 may also be 
provided and connected to a corresponding inner race and 
connector 244 to provide a return current path. 

Depending on the particular application, a third bearing 
assembly 250 may be positioned betWeen driving or rotating 
member 204 and second or driven member 202 to provide 
additional structural support and alloW relative rotation ther 
ebetWeen. Bearing assembly 250 does not require electrical 
conductivity, but may also be implemented by a conductive 
bearing assembly if desired. 

Depending upon the particular application, a grease ?lled 
bushing having conductive concentric inner and outer mem 
bers de?ning an annular space ?lled With conductive lubri 
cating grease may be used in place of one or more of the 
conductive bearing assemblies to provide a current path 
to/ from an embedded coil. Conductive grease ?lled bushings 
Would not have any rolling elements betWeen the inner and 
outer concentric rings. In general, a conductive grease ?lled 
bushing Would be suitable for loWer rotational speed applica 
tions. 
As also shoWn in FIG. 3, a ?oWable magnetic material 254 

is disposed in a space betWeen rotating member 202 and 
second member 204. FloWable magnetic material 254 may be 
any of a number of suitable magnetic particles/powders or 
magnetorheological ?uids that become polariZed in a mag 
netic ?eld and provide coupling of rotating member 202 and 
second member 204 during actuation of device 200. One or 
more seals and/or baffles 256, 258, 260 operate to substan 
tially contain the ?oWable magnetic material in the space 
betWeen members 202 and 204. 
Use of a magnetorheological ?uid or magnetic particle 

clutch provides the ability to tolerate slip betWeen the driving 
and driven members to control substantially simultaneous 
engagement of a plurality of engine accessories according to 
the present invention. Appropriate control of the poWer sup 
plied to coil 214 may be used to provide a soft start/engage 
ment to reduce noise, vibration, and harshness. In these types 
of applications, heat generated by the slip may be many times 
greater than resistive heat generated by operation of the coil 
and the additional heat must be dissipated. Prior art clutch/ 
brake designs that have one or more air gaps generally try to 
reduce the siZe of the air gap due to the effect on the magnetic 
and corresponding electric e?iciency. HoWever, small air 
gaps limit air circulation and the ef?cacy of forced-air con 
vective cooling. In addition, the air gaps also inhibit conduc 
tive cooling. Use of one or more conductive bearings or 
bushings according to one aspect of the present invention 
alloWs the coil to be embedded in the rotating member and 
eliminates one or more air gaps to improve conductive cool 
ing and corresponding heat dissipation so that slip tolerances 
can be signi?cantly increased. 

In operation, coupling device 200 provides selective cou 
pling betWeen rotating or driving member 204 and second or 
driven member 202 by supplying an electric current to 
embedded coil 210 through at least one conductive bearing or 
bushing assembly 224 having conductive lubricant 238. Coil 
210 generates a magnetic ?eld that passes through rotating 
member 202, ?oWable magnetic material 254, and second 
member 204 to couple second member 204 to rotating mem 
ber 202. 

FIG. 4 is a How chart illustrating operation of a system or 
method for controlling an accessory drive having a plurality 
of accessories coupled to an engine/motor via an electromag 
netic coupling device having a ?oWable magnetic material 
disposed betWeen driving and driven members according to 
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8 
one embodiment of the present invention. As Will be appre 
ciated by one of ordinary skill in the art, the diagram of FIG. 
4 represents operation of a representative application With a 
controller in communication With one or more sensors and the 
electromagnetic coupling device to selectively engage a plu 
rality of engine accessories in response to at least one engine, 
vehicle, and/ or ambient operating condition. 

The control system and/or controller may use any of a 
number of knoWn processing strategies such as event-driven, 
interrupt-driven, multi-tasking, multi-threading, and the like. 
As such, various steps or functions illustrated may be per 
formed in the sequence illustrated, in parallel, or in some 
cases omitted. Although not explicitly illustrated, one of ordi 
nary skill in the art Will recogniZe that one or more of the 
illustrated steps or functions may be repeatedly performed. 
Similarly, the order of processing is not necessarily required 
to achieve the features, and advantages of the invention, but is 
provided for ease of illustration and description. Control of a 
representative embodiment may be implemented in softWare 
executed by a microprocessor-based vehicle, engine, and/or 
poWertrain controller, such as controller 80 (FIG. 1). Of 
course, the control may be implemented in softWare, hard 
Ware, or a combination of softWare and hardWare depending 
upon the particular application. When implemented in soft 
Ware, the control logic is preferably provided in one or more 
computer-readable storage media having stored data repre 
senting code or instructions executed by a computer or micro 
processor to monitor and control the system. The computer 
readable storage media may be any of a number of knoWn 
physical devices Which utiliZe electric, magnetic, optical and/ 
or combination storage to keep executable instructions and 
associated calibration information, operating variables, and 
the like as previously described. 
At least one operating condition is monitored as repre 

sented by block 280. The operating condition or conditions 
may be determined based on various sensors that may be used 
to determine engine rotational speed and/ or acceleration 290, 
vehicle speed and/or acceleration 292, cruise control status 
294, emissions system status 296, engine and/or ambient 
temperature(s) 298, barometric pressure 300 (or other oper 
ating pres sure(s)), and transmission gear and/ or ratio 3 02, and 
steering angle 304, for example. The operating condition or 
conditions that are monitored and the sensor(s) used to moni 
tor the conditions Will vary by application. The at least one 
operating condition is used to determine When and/ or hoW 
quickly to engage/disengage the FEAD as represented gen 
erally by block 306. If a change in the operating condition(s) 
indicates a change in state of the FEAD clutch is desired in 
response to the operating condition(s), block 310 controls the 
poWer supplied to the FEAD clutch to engage or disengaged 
the clutch. Depending upon the particular application, the 
engagement may use various voltage and/ or current controls 
to supply a stepped voltage/current 320, to modulate the 
voltage/ current 322, or provide a ramped voltage/ current 324. 
For many automotive applications, it is desirable to control 
poWer supplied to the FEAD clutch to provide a rapid disen 
gagement to quickly provide additional torque for the asso 
ciated engine/motor While providing a sloWer engagement to 
provide a smoother transition that is less noticeable to the 
operator. 
The present invention is independent of the particular logic 

or steps used to determine When to engage/ disengage the 
FEAD as the logic is speci?c to a particular application. 
HoWever, some representative control strategies are provided 
herein as examples to illustrate the invention. As one 
example, the FEAD clutch may be disengaged in response to 
an operator depressing the accelerator pedal beyond a prede 
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termined rate or position to provide additional torque for 
accelerating the vehicle. The FEAD clutch is then subse 
quently engaged either based on a predetermined time, or 
When the accelerator pedal is returned to a position or rate 
below a predetermined threshold With appropriate hysteresis. 
In another example, the FEAD clutch may be disengaged 
When the engine is in a cold start mode or periodically disen 
gaged and re-engaged When a vehicle is operating in a cruise 
control mode. Likewise, the FEAD or other accessory drive 
controlling at least tWo engine accessories may be disengaged 
With the corresponding accessories Would otherWise be oper 
ating inef?ciently, such as When operating at part-load or 
fractionally loaded, and subsequently engaged When the 
accessories can be operated at higher load or full load Where 
they are generally more ef?cient. This type of control strategy 
according to the present invention may be used to improve 
fuel economy by effectively engaging the accessories and 
storing energy in the various accessories When the accessories 
are operating in a higher ef?ciency region and subsequently 
using the stored energy While the accessories are disengaged 
and Would otherWise be operated in a loW ef?ciency region. 

FIG. 5 is a graph illustrating a FEAD clutch disengagement 
With subsequent engagement in response to at least one oper 
ating condition With a substantially constant engine crank 
shaft speed according to one embodiment of the present 
invention. Line 348 represents the FEAD clutch coil current 
in amperes (A), line 350 represents rotational speed of one of 
the engine accessories driven by a common drive belt driving 
an air conditioning compressor, alternator, poWer steering 
pump, and Water pump, and line 352 represents the FEAD 
torque load in inch-pounds.As illustrated in the graph of FIG. 
5, poWer supplied to the FEAD clutch is controlled in 
response to a simulated operating condition by reducing the 
current from about four amps at 360 to nominally Zero. This 
causes a corresponding decrease in the magnetic ?ux cou 
pling the driving and driven members of the FEAD clutch 
such that the clutch quickly begins to slip and the rotational 
speed decreases as indicated at 362, folloWed by a corre 
sponding decrease in torque load at 364 While the engine 
(crankshaft) speed is substantially constant (not shoWn). 
After a predetermined elapsed time, or in response to a 
change in the operating condition(s), the FEAD clutch is 
subsequently engaged by increasing current at 370. This 
results in an increase in the magnetic ?ux Within the FEAD 
clutch that couples the driving member to the driven member 
to increase the torque load at 372 and the rotational speed 
returns to the fully engaged speed at 374. 
As illustrated in FIG. 5. disengagement of the FEAD clutch 

provides the engine With an additional 200 in-lbs of torque 
that Would otherWise be used to poWer the various engine 
accessories attached to the FEAD in this particular example. 
As such, appropriate control of a FEAD clutch to simulta 

neously engage/disengage a plurality of engine accessories 
according to the present invention can temporarily reduce or 
eliminate the poWer required to operate all FEAD-driven 
devices along With their associated rotational inertia to 
enhance engine/vehicle response, performance, and fuel 
economy. The controllable soft-start/ stop capability provided 
by magnetic particle/powder or MR ?uid devices according 
to the present invention facilitates operation in a transient slip 
condition to reduce instantaneous poWer drop (stumble) dur 
ing engagement and instantaneous poWer increase (surge) in 
the engine during disengagement, as Well as reducing asso 
ciated noise and vibration. The soft-start/ stop capability for 
simultaneous coupling/ decoupling of multiple engine acces 
sories also reduces Wear on the clutch and various engine 
components, such as the drive belt, for example. In addition, 
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10 
the ability to simultaneously control engagement/disengage 
ment of the entire FEAD according to the present invention 
facilitates control strategies that can respond to current ambi 
ent and/or operating conditions, modes, or events. 

While the best mode for carrying out the invention has been 
described in detail, those familiar With the art to Which this 
invention relates Will recogniZe various alternative designs 
and embodiments for practicing the invention as de?ned by 
the folloWing claims. 
What is claimed is: 
1. A method for controlling a plurality of accessories asso 

ciated With a multiple cylinder internal combustion engine, 
the accessories coupled to an engine crankshaft by an elec 
tromagnetic coupling device With a ?oWable magnetic mate 
rial disposed betWeen a driving member and a driven member, 
the method comprising: 

monitoring at least one operating condition to determine 
Whether to simultaneously engage or disengage the plu 
rality of engine accessories While the engine is running: 

decreasing poWer to the electromagnetic coupling device 
over a ?rst time period When disengagement is deter 
mined in response to the at least one operating condition 
to simultaneously disengage the plurality of engine 
accessories; and 

increasing poWer to the electromagnetic coupling device 
over a second time period When engagement is deter 
mined in response to the at least one operating condition 
to simultaneously engage the plurality of engine acces 
sories; 

Wherein the second time period is longer than the ?rst time 
period to provide a rapid disengagement and smooth 
engagement of the plurality of accessories. 

2. The method of claim 1 Wherein the electromagnetic 
coupling device comprises a magnetic particle clutch. 

3. The method of claim 1 Wherein the electromagnetic 
coupling device comprises a magnetorheological ?uid clutch. 

4. The method of claim 1 Wherein increasing poWer com 
prises modulating current or voltage to control engagement of 
the electromagnetic coupling device. 

5. The method of claim 1 Wherein poWer is supplied and 
removed during engagement or disegagement, respectively, 
of the plurality of accessories by selectively supplying an 
electric current to a rotating coil embedded Within one of the 
driving and driven members of the electromagnetic coupling 
device. 

6. The method of claim 1 Wherein the plurality of engine 
accessories includes at least tWo accessories selected from the 
group consisting of a poWer steering pump. a Water pump. an 
alternator, an air conditioning compressor, a supercharger, 
and a turbocharger. 

7. The method of claim 1 Wherein the at least one current 
operating condition includes at least one of engine speed/ 
acceleration, vehicle speed/ acceleration, transmission status, 
and temperature. 

8. The method of claim 1 Wherein decreasing poWer com 
prises decreasing poWer to disengage the driving and driven 
members of the coupling device in response to an increased 
engine poWer demand to make additional torque available to 
the engine. 

9. A system for controlling a plurality of accessories asso 
ciated With a multiple cylinder internal combustion engine 
having a crankshaft, the system comprising: 

an electromagnetic coupling device having a ?oWable 
magnetic material disposed betWeen a driving member 
connected to the crankshaft and a driven member 
coupled to the plurality of accessories, the coupling 
device including a selectively actuated coil to generate a 
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magnetic ?ux passing through the ?oWable magnetic 
material to couple or decouple the driving member and 
the driven member; 

a controller in communication With the electromagnetic 
coupling device having instructions for monitoring 
engine operating conditions to determine When addi 
tional engine torque is desired, the controller decreasing 
poWer supplied to the electromagnetic coupling device 
over a ?rst time period to rapidly disengage the plurality 
of accessories When additional engine torque is desired 
and subsequently increasing poWer supplied to the elec 
tromagnet coupling device over a second time period 
greater than the ?rst time period to smoothly engage the 
plurality of accessories. 

10. The system of claim 9 Wherein the ?oWable magnetic 
material comprises magnetic particles. 

11. The system of claim 9 Wherein the ?oWable magnetic 
material comprises a magnetorheological ?uid. 

12. The system of claim 9 further comprising a damper 
connected to the crankshaft for rotation With the driving 
member. 

13. The system of claim 12 Wherein the damper is inte 
grally formed With the driving member. 

14. The system of claim 12 Wherein the selectively actuated 
coil is embedded Within one of the driving and driven mem 
bers. 

15. The system of claim 14 Wherein the electromagnetic 
coupling device includes at least one conductive bearing 
assembly to provide an electrical current path to the embed 
ded coil. 
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16. A multiple cylinder internal combustion engine having 

a reciprocating piston disposed Within each cylinder coupled 
to provide rotation of a crankshaft during operation, the 
engine comprising: 

an electromagnetic clutch having a ?oWable magnetic 
material disposed betWeen a driving member connected 
for rotation With the crankshaft and a driven member 
selectively coupled or uncoupled With the driving mem 
ber by an electrically controllable magnetic ?eld pas sing 
through the ?oWable magnetic material; 

a plurality of engine accessories coupled to the driven 
member for rotation thereWith; and 

a control module in communication With the electromag 
netic clutch to selectively disengage the driven member 
and plurality of engine accessories Within a ?rst time 
period in response to a determination that additional 
engine torque is desired, and to engage the driven mem 
ber and plurality of engine accessories by increasing 
poWer supplied to the electromagnetic clutch from a ?rst 
value to a second value over a second time period greater 
than the ?rst time period. 

17. The engine of claim 16 Wherein the ?oWable magnetic 
material comprises magnetic particles and Wherein the elec 
tromagnetic clutch comprises at least one conductive bearing 
assembly to provide electric current to a coil embedded in the 
driving member during actuation of the clutch. 


